Abstract -A bovine artificial chromosome (BAC) library of 105 984 clones has been constructed in the vector pBeloBAC11 and organized in 3-dimension pools and high density membranes for screening by PCR and hybridization. The average insert size, determined after analysis of 388 clones, was estimated at 120 kb corresponding to a four genome coverage. Given the fact that a male was used to construct the library, the probability of finding any given autosomal and X or Y locus is respectively 0.98 and 0.86. The library was screened for 164 microsatellite markers and an average of 3.9 superpools was positive for each PCR system. None of the 50 or so BAC clones analysed by FISH was chimeric. This BAC library increases the international genome coverage for cattle to around 28 genome equivalents and extends the coverage of the ruminant genomes available at the Inra resource center to 15 genome equivalents.
INTRODUCTION
In cattle, numerous reports have identified genomic regions corresponding to economically important traits [3, 5, 7] based on low to medium density marker maps. The density of these maps, however, is not sufficient to identify DNA variations responsible for genetic variation. Moreover, successful implementation of Marker Assisted Selection (MAS) programs and the generation of transgenic and knockout cattle will benefit from greater characterization of the bovine genome. Identification of DNA variations using fine mapping and positional cloning strategies, increasing the density of region-specific markers, and continued characterization of the genome for the production of genetically modified cattle requires the development of additional tools. A highly valuable tool procedure has been developed to generate large genomic DNA inserts with an acceptable genomic fidelity in a bacterial artificial chromosome (BAC) library to obtain complete coverage of the genome.
In addition to increased clone fidelity and a low level of cloning artefacts, BAC DNA can be more easily separated from the host's DNA. Consequently, BACs provide an excellent template for shotgun sequencing strategies and have become the main sequence-ready clone ressources for use in large-scale mapping and sequencing efforts. Individual clones often contain complete genes embedded in their genomic environment. The clones can thus be used for functional studies in cell lines or transgenic applications.
In this paper, we present the construction and extensive characterization of another bovine BAC library [1, 2, 11, 13] containing 105 984 clones with an average size of 120 kb, which corresponds to about four genome equivalents. PCR-based screening and fluorescence in situ hybridisation (FISH) were performed in order to estimate the quality of the library.
MATERIAL AND METHODS

DNA preparation
A cell line derived from the genital ridge of a male foetus from a high ranking holstein bull was used to prepare 100 µL DNA plugs embedded in low-melting agarose (0.5%) in PBS at a concentration of about 2×10 6 cells per plug (10 µg). The plugs were incubated twice in buffer containing proteinase K (1 mg · mL), EDTA (0.5 M, pH 8.5) and N-Lauryl-Sarcosine (1%) at 55
• C for 24 h. After inactivation of the proteinase K in PMSF (40 µg · mL) for 30 min, the plugs were rinsed twice in Tris 10 mM, EDTA 1 mM (TE 10-1) for 30 min and stored in EDTA (50 mM, pH 8.0) for up to 2 months at 4
• C.
BAC vector preparation
pBeloBAC11 was kindly provided by H. Shizuya, Department of Biology, California Institute of Technology (Pasadena, Calif.). Preparation of pBeloBAC11 was carried out as described [12] .
Partial digestion with HindIII
Partial digestion was carried out on plugs, each containing approximately 10 µg of high-molecular-weight DNA, after three 1-h equilibration steps in 10 mL of 1X HindIII digestion buffer (Boehringer Mannheim, Germany). The buffer was then removed and replaced by an ice-cold enzyme buffer (1 mL/plug) containing 20 U of HindIII (Boehringer). After a 2 h incubation on ice, the plugs were transferred to a 37
• C water bath for 20 min. Digestions were stopped by adding 10 mL of glacial EDTA 0.25 M (pH 8).
Size selection
Partially digested DNA in the plugs was subjected to contour-clamped homogeneous electric field (CHEF) electrophoresis on a 1% low-melting point agarose gel, using a DR III apparatus (Biorad, Hercules, Calif.) in 1X Trisacetate-EDTA buffer at 12
• C, with a ramp from 5 to 15 s at 6 V/cm for 16 h. Agarose slices corresponding to size ranges from 75 to 100 kb, 100 to 120 kb, 120 to 150 kb, 150 to 180 kb were excised from the gel and stored in TE at 4
Ligation and transformation
Agarose slices containing the fractions were melted at 65
• C for 10 min and digested with Gelase (Epicentre Technologies, Madison, Wis.) using 1 U per 100 mg of gel slice. Then 10 to 100 µg of each size selected DNA were ligated in a molar ratio of 1:5 to 1:10 to HindIII-digested, dephosphorylated pBeloBAC11, using 10 U of T4 DNA ligase (New England Biolabs, Beverly, Mass) at 12
• C for 36 h. Ligation mixtures were heated at 65
• C for 15 min and then drop-dialysed against 0.5X Tris-EDTA, using VS 0.025 µm membranes (Millipore, Bedford, Mass.). Fresh electrocompetent E. Coli DH10B cells [9] were harvested from 200 mL of mid-log phase cultures grown in SOB medium, washed twice in ice-cold water with the same volume of culture and once in 50 mL. Finally, cells were resuspended in ice-cold water to an optical density of 150 at 550 nm.
1-2 µL of ligation mix was used to transform 30 µL of electroporation competent E. Coli DH10B cells in an Easyject Plus electroporator (Equibio Kent, U.K.) with settings of 2.5 kV, 25 µF and 99 Ω, in 2-mm-wide electroporation cuvettes. After electroporation, the cells were resuspended in 1 mL of SOC medium, allowed to recover for 45 min at 37
• C with gentle shaking, and then plated on LB agar containing chloramphenicol (12.5 µg·mL), 5-bromo-4-chloro-3-indolyl-B-D-galactopyranoside (X-Gal, 50 µg · mL), and isopropyl-β-D-thiogalactopyranoside (IPTG, 25 µg · mL). The plates were incubated 20 h and recombinant white colonies were then manually picked in MEGA 96-well microtiter plates, each well containing 1.2 mL LB with 10% glycerol (w:v) and 12.5 µg · mL chloramphenicol. After an 18-20 h incubation at 37
• C with vigorous shaking, three copies of each 96-well microtitre plate were prepared and stored at −80
• C at different locations. Superpools of 24 plates and pools of individual plates (24), 12 columns and 8 rows were prepared by mixing respectively 300 µL and 3 times 120 µL of the bacteria culture. The different pools were collected manually. For each pool, bacteria were then pelleted, resuspended in TE, and the DNA was prepared by microwave boiling as described [8] .
RESULTS AND DISCUSSION
Forty-six superpools were prepared corresponding to 105 984 clones. The average insert size was determined by field inversion gel electrophoresis (FIGE) after digestion with NotI. A total of 388 clones was selected with insert sizes ranging from 6-225 kb and a mean size of 120 kb (Fig. 1) . Less than 2% of the clones were considered as empty. Assuming that the bovine genome contains 3×10 9 bp, the total library corresponds to four genome-equivalents. Therefore the probability of finding any given autosomal locus in the library is 0.98 and given the fact that a male was used to construct the library, the probability of finding any given X or Y locus is 0.86.
The BAC library was screened by PCR with primers for 164 microsatellite markers and genes and an average of 3.9 superpools were positive for each PCR system. Only one microsatellite was not found in the library. The library was also successfully screened for the 31 marker genes of the Texas standard nomenclature of the bovine karyotype [4] , providing an accurate set of BAC clones which were used to resolve chromosome identification problems [4, 6] . Fluorescence in situ hybridisation was performed as described [6] for over 50 BAC clones: none of the clones was chimeric.
Recently, the entire BAC library was spotted on high density membranes and transferred to 384 well-plates in order to permit screening of the library by hybridisation, in addition to PCR screening.
The bovine BAC library described in this publication contributes to increasing the genome coverage for cattle. Added to the already existing BAC libraries of 2.7 [1], 6 [2], 10 [11] and 5 [13] genome equivalents, the total coverage of the bovine genome represented in BAC libraries is around 28. Added to the bovine YAC, ovine BAC [10] and goat BAC [8] libraries hosted at Inra, this gives a 15 genome-equivalent coverage of the ruminant genomes available through the Inra resource center (http://www-dga.jouy.inra.fr/grafra/).
